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NIST-traceable within 0.5% uncer-

tainty. You may perform linearity 

verification for temperature measure-

ment systems with thermocouples, 

RTDs, and thermistors by removing 

the sensor from the system and using a 

simulator in its place. Use a NIST- 

traceable simulator that is independ-

ently calibrated and, as appropriate, 

cold-junction compensated. The simu-

lator uncertainty scaled to absolute 

temperature must be less than 0.5% of 

Tmax. If you use this option, you must 

use sensors that the supplier states are 

accurate to better than 0.5% of Tmax

compared with their standard calibra-

tion curve. 

(3) Dewpoint. We recommend a min-

imum of three different temperature- 

equilibrated and temperature-mon-

itored calibration salt solutions in con-

tainers that seal completely around 

the dewpoint sensor. We recommend 

using calibration reference quantities 

that are NIST-traceable within 0.5% 

uncertainty.

(b) You may remove system compo-

nents for off-site calibration. We rec-

ommend specifying calibration ref-

erence quantities that are NIST-trace-

able within 0.5% uncertainty. 

[70 FR 40516, July 13, 2005, as amended at 73 

FR 37305, June 30, 2008; 75 FR 23040, Apr. 30, 

2010; 79 FR 23768, Apr. 28, 2014] 

FLOW-RELATED MEASUREMENTS

§ 1065.320 Fuel-flow calibration. 

(a) Calibrate fuel-flow meters upon 

initial installation. Follow the instru-

ment manufacturer’s instructions and 

use good engineering judgment to re-

peat the calibration. 

(b) You may also develop a procedure 

based on a chemical balance of carbon 

or oxygen in engine exhaust. 

(c) You may remove system compo-

nents for off-site calibration. When in-

stalling a flow meter with an off-site 

calibration, we recommend that you 

consider the effects of the tubing con-

figuration upstream and downstream of 

the flow meter. We recommend speci-

fying calibration reference quantities 

that are NIST-traceable within 0.5% 

uncertainty.

§ 1065.325 Intake-flow calibration. 

(a) Calibrate intake-air flow meters 

upon initial installation. Follow the in-

strument manufacturer’s instructions 

and use good engineering judgment to 

repeat the calibration. We recommend 

using a calibration subsonic venturi, 

ultrasonic flow meter or laminar flow 

element. We recommend using calibra-

tion reference quantities that are 

NIST-traceable within 0.5% uncer-

tainty.

(b) You may remove system compo-

nents for off-site calibration. When in-

stalling a flow meter with an off-site 

calibration, we recommend that you 

consider the effects of the tubing con-

figuration upstream and downstream of 

the flow meter. We recommend speci-

fying calibration reference quantities 

that are NIST-traceable within 0.5% 

uncertainty.

(c) If you use a subsonic venturi or 

ultrasonic flow meter for intake flow 

measurement, we recommend that you 

calibrate it as described in § 1065.340. 

§ 1065.330 Exhaust-flow calibration. 

(a) Calibrate exhaust-flow meters 

upon initial installation. Follow the in-

strument manufacturer’s instructions 

and use good engineering judgment to 

repeat the calibration. We recommend 

that you use a calibration subsonic 

venturi or ultrasonic flow meter and 

simulate exhaust temperatures by in-

corporating a heat exchanger between 

the calibration meter and the exhaust- 

flow meter. If you can demonstrate 

that the flow meter to be calibrated is 

insensitive to exhaust temperatures, 

you may use other reference meters 

such as laminar flow elements, which 

are not commonly designed to with-

stand typical raw exhaust tempera-

tures. We recommend using calibration 

reference quantities that are NIST- 

traceable within 0.5% uncertainty. 

(b) You may remove system compo-

nents for off-site calibration. When in-

stalling a flow meter with an off-site 

calibration, we recommend that you 

consider the effects of the tubing con-

figuration upstream and downstream of 

the flow meter. We recommend speci-

fying calibration reference quantities 

that are NIST-traceable within 0.5% 

uncertainty.
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(c) If you use a subsonic venturi or 

ultrasonic flow meter for raw exhaust 

flow measurement, we recommend that 

you calibrate it as described in 

§ 1065.340. 

§ 1065.340 Diluted exhaust flow (CVS) 
calibration.

(a) Overview. This section describes 

how to calibrate flow meters for di-

luted exhaust constant-volume sam-

pling (CVS) systems. 

(b) Scope and frequency. Perform this 

calibration while the flow meter is in-

stalled in its permanent position, ex-

cept as allowed in paragraph (c) of this 

section. Perform this calibration after 

you change any part of the flow con-

figuration upstream or downstream of 

the flow meter that may affect the 

flow-meter calibration. Perform this 

calibration upon initial CVS installa-

tion and whenever corrective action 

does not resolve a failure to meet the 

diluted exhaust flow verification (i.e.,
propane check) in § 1065.341. 

(c) Ex-situ CFV and SSV calibration. 
You may remove a CFV or SSV from 

its permanent position for calibration 

as long as it meets the following re-

quirements when installed in the CVS: 

(1) Upon installation of the CFV or 

SSV into the CVS, use good engineer-

ing judgment to verify that you have 

not introduced any leaks between the 

CVS inlet and the venturi. 

(2) After ex-situ venturi calibration, 

you must verify all venturi flow com-

binations for CFVs or at minimum of 

10 flow points for an SSV using the pro-

pane check as described in § 1065.341. 

Your propane check result for each 

venturi flow point may not exceed the 

tolerance in § 1065.341(f)(5). 

(3) To verify your ex-situ calibration 

for a CVS with more than a single 

CFV, perform the following check to 

verify that there are no flow meter en-

trance effects that can prevent you 

from passing this verification. 

(i) Use a constant flow device like a 

CFO kit to deliver a constant flow of 

propane to the dilution tunnel. 

(ii) Measure hydrocarbon concentra-

tions at a minimum of 10 separate flow 

rates for an SSV flow meter, or at all 

possible flow combinations for a CFV 

flow meter, while keeping the flow of 

propane constant. We recommend se-

lecting CVS flow rates in a random 

order.

(iii) Measure the concentration of hy-

drocarbon background in the dilution 

air at the beginning and end of this 

test. Subtract the average background 

concentration from each measurement 

at each flow point before performing 

the regression analysis in paragraph 

(c)(3)(iv) of this section. 

(iv) Perform a power regression using 

all the paired values of flow rate and 

corrected concentration to obtain a re-

lationship in the form of y = a · x b. Use 

concentration as the independent vari-

able and flow rate as the dependent 

variable. For each data point, calculate 

the difference between the measured 

flow rate and the value represented by 

the curve fit. The difference at each 

point must be less than ±1% of the ap-

propriate regression value. The value 

of b must be between ¥1.005 and ¥0.995.

If your results do not meet these lim-

its, take corrective action consistent 

with § 1065.341(a). 

(d) Reference flow meter. Calibrate a 

CVS flow meter using a reference flow 

meter such as a subsonic venturi flow 

meter, a long-radius ASME/NIST flow 

nozzle, a smooth approach orifice, a 

laminar flow element, a set of critical 

flow venturis, or an ultrasonic flow 

meter. Use a reference flow meter that 

reports quantities that are NIST-trace-

able within ±1% uncertainty. Use this 

reference flow meter’s response to flow 

as the reference value for CVS flow- 

meter calibration. 

(e) Configuration. Do not use an up-

stream screen or other restriction that 

could affect the flow ahead of the ref-

erence flow meter, unless the flow 

meter has been calibrated with such a 

restriction.

(f) PDP calibration. Calibrate a posi-

tive-displacement pump (PDP) to de-

termine a flow-versus-PDP speed equa-

tion that accounts for flow leakage 

across sealing surfaces in the PDP as a 

function of PDP inlet pressure. Deter-

mine unique equation coefficients for 

each speed at which you operate the 

PDP. Calibrate a PDP flow meter as 

follows:

(1) Connect the system as shown in 

Figure 1 of this section. 

(2) Leaks between the calibration 

flow meter and the PDP must be less 
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